Preterm infants have been reported to be at higher risk than term infants for sudden infant death syndrome (SIDS). Reasons for this higher risk are not clear.
INTRODUCTION
Sudden infant death syndrome (SIDS) accounted for 2643 infant deaths in the United States in 1999 and was the leading cause of postneonatal mortality. 1 Extremely preterm infants with gestational ages r32 weeks and very-low-birth-weight infants less than 1500 g have been reported to be at higher risk for SIDS than term and normal birth-weight infants. [2] [3] [4] [5] [6] [7] In 1987, deaths from SIDS among infants r32 weeks gestation accounted for only 5.7% of SIDS mortality. 7 Nevertheless, the risk of SIDS among these infants was three times greater than the risk of SIDS among term infants. 7 The reasons for the higher risk of SIDS among these infants remain unknown. Apnea of prematurity as a risk factor for SIDS may have been an attractive model as a cause of SIDS among extremely preterm infants several decades earlier; however, a significant association between apnea of prematurity and SIDS has not been established. [8] [9] [10] A major tenet of a current ''triple risk hypothesis'' for SIDS suggests that a prenatal insult may be a major risk factor for SIDS. 11 That preterm infants may benefit from modifications of their sleep environment as recommended by the ''Back to Sleep'' program has been demonstrated by a reduction in SIDS rates for these preterm infants that is similar to what has been experienced by term infants. 12 The question then arises whether further modifications of the environment such as improved infant care and parenting techniques might reduce SIDS mortality for extremely preterm infants, or whether intrapartum and neonatal medical risk factors make further reductions less likely.
The purpose of this study was to review the sociodemographic and medical risk factors available in the United States linked infant birth and death certificate files to determine if there was a greater prevalence of sociodemographic or medical risk factors among infants dying of SIDS in the postneonatal period compared to infants of similar gestation surviving the postneonatal period or dying of other causes in the postneonatal period.
METHODS
Data were obtained from the United States linked infant birth and death certificate period files for the years 1997, 1998, and 1999. Only births to residents of the United States were included and the key part of the analysis was limited to births with gestational ages of 24 to 32 weeks with birth weights ranging from 500 to 2500 g. Limitation of the analysis to this birth-weight range was intended to decrease the number of infants with misclassified birth weights for gestational age. Postneonatal deaths (deaths after 27 days) were the focus of this analysis, because ''SIDS is rare during the first month of life, increases to a peak between 2 and 4 months of age and then decreases''. 13 Cases of SIDS were identified for the years 1997 and 1998 as cases assigned the International Classification of Diseases, 9th Revision (ICD-9) code of 7980. In 1999 ICD, 10th Revision (ICD-10) code for SIDS was changed to ''R95''. Maternal variables obtained from the birth certificate included age, education, race, marital status, parity, tobacco use, alcohol use, rural residence, and geographic region of birth. Maternal race was classified into white race (non-Hispanic white, American Indian, and Asian or Pacific Islander), African American, Hispanic, and Unknown. American Indian and Asian/Pacific Islanders were classified in the white category, because there were only eight and six SIDS deaths, respectively, among extremely preterm infants reported to be in these two racial categories over the 3-year period. A rural residence was defined as a county with a population less than 250,000. States were grouped in the following regions:
Northeast, Central, South, and West (see Appendix for states in each region). Intrapartum characteristics included whether the pregnancy was a multiple birth, a breech presentation, delivery method, and if there was an abruption or placenta previa. Infant characteristics included gestational age, birth weight, sex, 5-minute Apgar score, whether mechanical ventilation was used for greater than 30 minutes after birth and whether the death occurred in an in-patient or outpatient setting. Variables with missing values were assigned to the category of unknown and were analyzed as a category within the range of values for that specific variable.
Univariate analyses were accomplished using w 2 analyses for general association. Logistic regression models were created to determine individual variable risk independent of other variables. A p-value of less than 0.05 was arbitrarily assigned to indicate statistical significance. Analyses were accomplished using SAS. The mean gestational age and birth weight for the infants dying of SIDS in the postneonatal period did not differ from that of survivors (Table 1 ). The gestational ages and birth weights of the SIDS infants and survivors, however, were significantly greater than those of the infants dying of other causes ( Table 1 ). The mean age of death for infants dying of SIDS was later (114 days) than that of infants dying of other causes (109 days). There were no significant trends in the postneonatal SIDS rates across the 3 years examined. Following adjustment for other maternal characteristics by logistic regression, infants dying of SIDS compared to survivors persisted in being at greater risk for being born to mothers less than 18 years of age, having mothers with less than 12 years of education, having a single mother, having a mother with greater than three previous pregnancies, having a mother who used tobacco, having a mother from a rural area, and more likely to be from the South or West ( Table 2) .
Following adjustment by logistic regression, infants dying of SIDS compared to infants dying of other causes were at higher risk of having a mother less than 18 years of age, having a mother with less than 12 years of education, having an African-American mother, having a single mother, having a mother with greater than three pregnancies, and having a mother who used tobacco ( Table 2) Infants dying of SIDS compared to survivors and compared to infants dying of other causes had no significant differences in intrapartum characteristics following adjustment by logistic regression (Table 3) .
With adjustment for other variables by logistic regression, infants dying of SIDS differed from survivors only in having greater odds for being male (Table 4 ). Compared to infants dying of other causes SIDS victims were less likely to be in the lowest gestational age category of 24 to 26 weeks gestation, were less likely to have a 5-minute Apgar score less than 4, and were less likely to require more than 30 minutes of mechanical ventilation following birth (Table 4 ). In total, 88% of postneonatal SIDS deaths occurred in the outpatient setting. This included either an outpatient clinic or emergency room (46%), arrived dead to an emergency room or clinic (15%) or was pronounced dead at a residence (27%). ''Other'' postneonatal deaths occurred predominantly in the inpatient setting (83%).
DISCUSSION
Although preterm births are associated with high-risk sociodemographic characteristics, 14 the observations reported in this analysis point to the much higher prevalence of sociodemographic risk factors among extremely preterm infants who die of SIDS compared to similar gestation surviving infants and infants who died of other causes in the postneonatal period. Sociodemographic risk factors have been reported to be associated with SIDS in previous analyses. 5, 7, 9 Nevertheless, this analysis supports the argument that sociodemographic risk factors play a more important role than medical risk factors. In order to help substantiate this argument, comparisons were made to the prevalence of these risk factors among infants dying of other causes in the postneonatal period. As the results show, low maternal age, low educational attainment, high parity, tobacco use, and the occurrence of SIDS in an outpatient setting, persist as independent risk factors for SIDS compared to the occurrence of these risk factors among infants dying of other causes. In addition, variables considered as medical risk factors including breech presentation, abruption or placenta previa, Apgar score at 5 minutes <4, and mechanical ventilation for >30 minutes after birth occurred with equal or less frequency among infants dying of SIDS than among survivors or infants dying of other causes.
The importance of the dominance of sociodemographic risk factors over medical risk factors as causally related to SIDS has implications concerning potential hypotheses into the etiology and ultimate prevention of some forms of SIDS. Guntheroth and Spiers 15 in a recent review of the ''triple risk hypotheses'' for SIDS (http://www.pediatrics.org/cgi/content/full/110/5/e64.) point to a number of deficiencies in the ''triple risk hypothesis'' that argues for the prenatal origin of risk factors that affect a change within the brainstem making an infant more vulnerable to SIDS. This hypothesis put forward by Filiano and Kinney requires the following factors: (1) a vulnerable infant; (2) a critical developmental period in homeostatic control; and (3) an exogenous stressor. 11 Filiano and Kinney argue that the vulnerability of the infant is a function of a prenatal insult that results in neonatal abnormalities in neurologic or autonomic function; postneonatal abnormalities in cry, cardiac and ventilatory patterns, and state organization; and maternal and pregnancyrelated factors. Guntheroth and Spiers diminish the validity of this hypothesis by showing no differences in Apgar scores between SIDS victims and controls; 9 no differences in apneic pauses between SIDS victims and controls 16, 17 and a greater prevalence of intrapartum (prenatal) risks among infants dying of other causes in the postneonatal period than infants dying of SIDS. 15 These observations are further substantiated by the observations made in the current analysis presented in this paper.
Guntheroth and Spiers 15 also examined the ''triple risk hypothesis'' put forward by Wedgewood that was based on Bergman's 18 concept that SIDS did not depend on any single characteristic that ordains an infant for death, but on an interaction of risk factors with variable probabilities. Wedgewoods' 19 ''triple risk hypothesis according to Guntheroth and Spiers included: (1) general factors that increase the probability of death from any cause, including poverty, prematurity, gender, and race; (2) age-specific risks relating to the infant's developing mental status; and (3) precipitating factors, including sleep state, position, and infection. Thus, this hypothesis seems to more closely fit what is reported in the current analysis concerning the major risk factors for SIDS among the extremely preterm infant. That is, sociodemographic factors are more prominent among extremely preterm SIDS victims than medical or intrapartum risk factors. Precipitating factors such as sleep position 20 and sleep state, which may be influenced by sleep position, [21] [22] [23] [24] [25] may play major roles in putting the extremely preterm infant at higher risk for SIDS.
How sociodemographic factors are causally related to an increased risk for SIDS remains unclear. Nevertheless, it is not difficult to speculate that young mothers and less educated women may be less sophisticated in their child-caring abilities; have greater social stressors in their lives; and have less access to support. Previous reports document the vulnerability of such a high-risk group to social support and medical access difficulties. 26, 27 The consistent observation of greater risk of SIDS among infants born to women who smoke cigarettes during or after pregnancy 28, 29 may be more of a proxy for behavioral problems than for a smoking-induced anomaly in the infant. Although theories have been proposed on how cigarette smoke might affect the fetus or newborn to put them at higher risk for SIDS no specific mechanism has been proven. 30, 31 That cigarette smoking is related to other behavioral risk-taking activities, however, is well documented. 32, 33 There are several limitations to the current analysis. Vital statistics data do not provide information on whether a death-scene investigation was completed as part of the process for classifying the cause of death. Death scene investigation along with autopsy and clinical review have been proposed as key factors in the classification of SIDS deaths. 34 The failure to include these criteria in the designation of an unexplained infant death as SIDS may allow for an overestimation of the number of SIDS deaths and an underestimation of other explainable causes of death. New algorithms in ICD-10 for the classification of the underlying cause of death may preferentially classify an unexplained infant death as SIDS even when other conditions are listed on the death certificate. 35 The comparability ratio between the ICD-10 and ICD-9 coding for SIDS using the 1999 data was 1.04, suggesting a 4% greater likelihood for a death to be coded as SIDS using the ICD-10 rules compared to using ICD-9 rules. Thus, the need for more standardization in the classification of SIDS becomes even more important. There is also no way to validate maternal and infant characteristics and no information on infant positioning before or at the time of death. Certain information on birth certificates is highly under-reported. Specifically, alcohol consumption during pregnancy is reported to pick up only about one-third of exposures. 36 In addition, according to data file documentation from the National Center for 37 This may account for the larger percentage of ''Unknown'' values for these two variables. Nevertheless, the use of vital statistics data provides the best opportunity to provide a national overview of SIDS among extremely preterm infants.
The reasons for the continued elevated risk of SIDS among extremely preterm infants remain unclear. Because of the high prevalence of sociodemographic risk factors among SIDS victims, it seems prudent to argue for further interventions to promote parent training. This type of support reportedly improves outcomes among high-risk populations. 38 In addition, the emphasis on environmental preventive techniques for the extremely preterm infant such as supine positioning that has produced observable benefits over the last 10 years should be continued. 12, 13 For the immediate future, this may be the best way of reducing further the SIDS rate in this high-risk population. 
